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Transportation Node growth configurations. A third OEXP case study had no Space Station Freedom user requirements an was not 
investigated to any depth. 







The first OEXP case study dealt with the establishment of a permanent lunar base on the near side of the moon beginning in 2004. This 
Lunar Evolution case study placed a large number of requirements on Freedom including accommodating and servicing two lunar transfer 
vehicles, storing large quantities of cryogenic propellants, and providing an orbital test facility for the development and demonstration 
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The principle feature of this case study is the emplacement of a human-tended facility on the Moon that evolves into a permanently 
inhabited outpost capable of supporting crews of up to 12 people with significant self sufficiency. The lunar outpost is established 
through three phases of development: emplacement, consolidation, and utilization. 
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This overview of the Lunar Outpost was taken from an Office of Exploration FY89 Annual Report draft. 




LLOX production plants 
Enhanced beneficiation 
Global ballistic vehicle 

o 12 crew - 24-month tours of duty 
o Farsside site reconnaissance 




































In order to better understand the relationship and interaction between Space Station Freedom and the other Office of Exploration 
(OEXP) program elements (e.g. ETO vehicles, STV's, propellant storage/transfer methods) the utilization of Freedom has been 
intentionally varied from case study to case study. For the Lunar Evolution case study the OEXP Study Requirements Document (SRD) 
specifies a major utilization of the Space Station's functional capabilities and resources. The detailed list of requirements is given in 
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Provide debris protection for STV's and mission equipment while resident at SSF. 





The overall Lunar Evolution case study mission architecture is illustrated. Earth-to-Orbit (ETO) transportation is accomplished with 
Space Shuttle (STS) flights delivering personnel and a small amount of payload, while a Shuttle-C system delivers the Lunar Transfer 
Vehicle (LTVs) systems, heavy payloads, and the mission propellants to Space Station Freedom. 


• v v p 

£fSg| 

J .'S 3 

•g | > z 
J:2l s 
t 8L| a 

iiU 

® o 

« '5 {3 * 

I Hi 

1 b - 'S si 

ilia 

Q) Q» i—3 

" = Jsii 

~ * t: s 


gf J-a £ 

I i I ll 

flgM 

Pill 

-52 -g £ g 

iB 8 $l 

g> 

ill S.E 

s-g it! 
aJ.3 fp. 
a 9 £ 8 K 

1 2 ^ jp S' 

! 1 2 

jg J2> X > c 

- .a o .2 J 

s'! 3 a 5 

% > r s a 

2 *3 s « 8 

C/5 MM L< <0 

s g f ® a 
Jj J *•§ S 

•M t3 Q 0 § 
o -o j o § 
t S 42 H 3 


"3 m 


Ifc 

g? 

< J 

c £ 

O 4> 

*T3 *0 



3*8 

PQ J 





Earth Surface 









The magnitude of effort needed to support the Lunar and Mars Evolution case studies requires that the Space Station provide increased 
resources and capabilities. This expansion of the performance envelope includes such basic resources as crew, power, interior volume, 
and exterior work space. The plan for accommodating the case studies called for using the requirements specified in the Office of 
Exploration (OEXP) Study Requirements Document (SRD) to establish evolutionary Freedom resource and facility requirements. These 
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The time-phased Space Station Freedom growth augmentations, or growth deltas, are shown. These growth deltas reflect major 
incremental increases in various resources including power, habitable volume, truss, payload attach points, etc. The growth deltas do 
not reflect the actual hardware manifesting on a flight-by-flight basis, but instead illustrate major incremental increases in various 
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Lunar Evolution Case Study Programmatic Schedule 
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Space Station Freedom Transportation Node Concepts and Analysis 




Several candidate evolution configuration options were analyzed using the ten discriminators listed below The discriminators with 
the greatest weighting factor were the controllability, operability, and the static micro-gravity environment for each option. It is 
desirable to have an evolution Space Station that would serve primarily as a transportation node, and yet provide a quiescent research 
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design database; performance parameters; and cost and reliability analysis algorithms. These multidisciplinary analytical tools are 
interfaced such that data from one module can be accessed by other modules in an interactive process which provides the capability to 
evaluate spacecraft systems design concepts whose performance predictions include disciplinary interaction. 




Recommended LTV Configurations 
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Figure 1. 







Space Station Freedom Transportation Node Concepts and Analysis 

Recommended LTV Processing Configuration (1 LTV) 











Space Station Freedom Transportation Node Concepts and Analysis 

Recommended LTV Processing Configuration (2 LTV’s) 




















Earth to Orbit Manifest Options for Space Station Freedom Growth Harware 
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Space Station Freedom Transportation Node Concepts and Analysis 
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Thermal System Refurbishment. Radiator panels are located on exterior of avionics bays which allows for modular replacement and 
coolant loop servicing by EVA or robotic operations. MLI replacement or repair is performed on an "as needed" basis. 



Avionics System Refurbishment. ORU replacement of avionics ring boxes may require cargo or crew module removal unless ORU is 
accessible through access panel or by radiator panel removal. Crew module avionics boxes will be replaced IVA as required. Antenna 
repair / replacement will be performed on an "as needed" basis. 
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Lunar Vehicle Processing Operation 



Countdown and Launch 











Propellant Tethered to Space Station Freedom 
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Lunar Evolution Space Station with Tethered Propellant Depot- Flig ht 1 


:ion: no upper tether, 
/-C mass attached to 
upper keel. 


■psr 


Vthitlt 

Lunar Excursion Vehicle - 
Cargo (LEV-C) 


Tether attach 
point 
(0,0,-53) 


Vehicle 

Space Station 
(Growth DelU 4) 



Mass (t) Area (m2) 
65 130 


Maaaii) Atm (m2) 

363 3500 (approx.) 






Space Station 
center of mass 
(-054,154, -0.30) 


System center of mass 
(maintained near 
origin with upper 
tether, or allowed to be 
offset in option 
without upper tether) 


Tether attach 

point 

(0,0,53) 

Tether length determined by induced 
acceleration at propellant depot required for 
propellant settling in tanks. 

(Approximate values are 0.0001 g and 200 m) 


Vehicle 

Mass (0 

Area (m2) 

Transfer Propellant Tank (TPT) 

66 

120 

Lunar Transfer Vehicle - Cargo 

68 

130 


(LTV-Q 


Configurations 








Propellant T ether to Space Station Freedom ( continued) 
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Option: no upper tether, 
LEV-P tank mass 
attached to upper keel. 


Vehicle 

LEV-P prop tank 
+ payload 


Maas ft) Area (m2) 
48 90 


IB BBBBBBB BI 


fill 

B 

B 
B 
B 
B 
B 
B 
B 

■■■■PlB 


Space Station 
center of mass 


System center of mass 

LTV-C (in hanger) 



Vehicle 

Space Station 
(Growth) 


Mass (t) Area (m2) 

380 5000 

(approx) (approx.) 



m 

Vehicle 

Mass (t) 

Area (m2) 

?]| 

Transfer Propellant Tank (TPT) 

70 

120 

m 

Transfer Propellant Tank (TPT) 

70 

120 


Lunar Transfer Vehicle - 
Piloted (LTV-P) 

19 

250 


TPT (2 1 ) 
TPT (21) 


TPT (2 1 ) 
TPT (2 1 ) 


LTV-P 

(1551) 









The steady-state gravity gradient sensed acceleration at the platform ranges from 70-97 micro-g in the various 2-body simulations, and 
from 2-29 micro-g at the Space Station CM. In addition, there is a cyclic tether acceleration sensed at the tank. This acceleration is a 
damped elastic effect with peaks of 5-56 micro-g, depending on the mass deployed. The tether/space station system had a steady state 
in-plane oscillation of less than 2 degrees. This motion is depicted in the figure below, which shows radial displacement of the tank 
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Selection of 1 mm A1 Shield for Vehicle Haneer Wall 



Shield Mass per 1000 m 






Mars Evolution Case Study Outpost Capabilities’ 
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This overview of the Mars Outpost was taken from an Office of Exploration FY89 Annual Report draft. 




Crew growth to 7 

Expanded human exploration to global capability 
with surface-to-surface ballistic vehicles 




















As in the Lunar Evolution Case Study, Space Station Freedom will be required to support advanced development of base and space 
transportation systems. In addition, life science research will be conducted to investigate long-duration crew exposure to a mico-gravity 
environment. It is important to note that for the Mars Evolution Case Study no space transfer vehicle processing activities are done 
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The ability to evolve to these levels of capabilities preserves the option to accommodate, at a top level of functionality, the OEXP 
Mars Evolution case study which requires Space Station Freedom as a part of the overall infrastructure. 
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Based on the currently proposed Mars Evolution case study mission description a Space Station evolution programmatic schedule has 
been developed. It is important to note that with an initial manned Mars launch date in 2004 and the fact that Space Station Freedom 
will not reach assembly complete until 1998, there is probably not sufficient time to grow the Space Station to support life sciences and 
technology research required to influence the design of the Mars Transfer Vehicle. Additional understanding of the life science 
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CELSS and Artificial Gravity Research activities 



The recommended Mars Evolution Case Study growth configuration to support life sciences and technology research is pictured. It is 
important from a Space Station Freedom programmatic point of view that the proper hooks and scars be maintained in the baseline SSF 
program. Several important SSF scars are the alpha joint (175 kW), Power Management and Distribution (PMAD) system (175 kW), 
and the Active Thermal Control System (ATCS) (175 kW). Configutationally, it is important that the Reaction Control System has 
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NSTS Docking Masts 
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ACCOMMODATION SCHEDULE 
































































FREEDOM 


( -1 



Office of Space Station .--- LaRC SSFO 












TRANSPORTATION NODE ANALYSIS 
REUSABLE LTV OPERATIONS CONFIGURATOR 













































TRANSPORTATION NODE ANALYSIS 
LUNAR AND MARS OPERATIONS CONFIGURATION 





























































Preliminary Technology Assessment Review 
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Impacts on intemational/congressional commitments must be addressed 
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